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Measuring the muon anomalous magnetic moment g − 2 and the rare decays of light pseudoscalar mesons into
lepton pair P → l+l− serve as important test of the standard model. To reduce the theoretical uncertainty in the
standard model predictions the data on the transition form factors of light pseudoscalar mesons play significant
role. Recently new data on behavior of these form factors at large momentum transfer was supplied by the
BABAR collaboration. We comment on the (in)consistency of these data with perturbative QCD expectation.
The theoretical study and comparison with ex-
perimental results of the muon anomalous mag-
netic moment g−2 (see for review [1,2,3,4,5]), the
rare decays of light pseudoscalar mesons into lep-
ton pairs [6,7,8,9] offers an important low-energy
test of the standard model. The discrepancy
of the present standard model prediction of the
muon anomalous magnetic moment with its ex-
perimental determination [10] is (24.6±8.0)·10−10
(3.1σ) [5]. The situation with the rare decays of
light pseudoscalar mesons into lepton pairs be-
came more pressing after recent KTeV E799-II
experiment at FermiLab [11] in which the pion de-
cay into an electron-positron pair was measured
with high accuracy using the KL → 3pi process
as a source of tagged neutral pions
BKTeV
(
pi0 → e+e−
)
= (7.49± 0.38) · 10−8. (1)
The standard model prediction gives [6,9]
BTheor
(
pi0 → e+e−
)
= (6.2± 0.1) · 10−8, (2)
which is 3.3σ below the KTeV result (1). The
other modes are given in Table.
The main limitation for realistic predictions for
these processes comes from the large distance con-
tributions of the strong sector of the standard
model where the perturbative QCD theory does
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not work. In order to diminish the theoretical
uncertainties the usage of experimental data on
the pion charge and transition form factors are
of crucial importance. The first one measured
in e+e− → pi+pi−(γ) by CMD-2 [15], SND [16],
KLOE [17], BABAR [18] provides the estimate
of the hadron vacuum polarization contribution
to muon g − 2 with accuracy better than 1%.
The second one measured in e+e− → e+e−P for
spacelike photons and e+e− → Pγ for timelike
photons by CELLO [19], CLEO [20], BABAR
[21,22] are essential in reducing theoretical un-
certainties in the estimates of the hadronic light-
by-light process contribution to the muon g − 2
and the decays P → l+l−.
In Figs. 1-3 the data on the pi0, η and
η′ transition form factors from the CELLO,
CLEO, BABAR collaborations are presented.
The BABAR points at Q2 = 112 GeV2 [21] in
Figs. 2 and 3 being for the timelike form factor
are drawn assuming that the spacelike and time-
like asymptotics are equal.
At zero momentum transfer the transition form
factors are fixed by
F 2Pγγ∗(Q
2 = 0, 0) =
1
(4piα)2
64piΓ(P → γγ)
M3P
, (3)
where α is the QED coupling constant,MP is the
resonance mass and Γ(P → γγ) is the two-photon
partial width of the meson P . The axial anomaly
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Table 1
Values of the branchings B (P → l+l−) obtained in our approach and compared with the available ex-
perimental results.
R0 Unitary bound CLEO bound CLEO+OPE [9] Experiment
R0
(
pi0 → e+e−
)
× 108 ≥ 4.69 ≥ 5.85± 0.03 6.23± 0.12 6.26 7.49± 0.38 [11]
R0 (η → µ
+µ−)× 106 ≥ 4.36 ≤ 6.23± 0.12 5.12± 0.27 4.64 5.8± 0.8 [12,13]
R0 (η → e
+e−)× 109 ≥ 1.78 ≥ 4.33± 0.02 4.60± 0.09 5.24 ≤ 2.7 · 104 [14]
R0 (η
′ → µ+µ−)× 107 ≥ 1.35 ≤ 1.44± 0.01 1.364± 0.010 1.30
R0 (η
′ → e+e−)× 1010 ≥ 0.36 ≥ 1.121± 0.004 1.178± 0.014 1.86
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Figure 1. The transition form factor pi0 → γ∗γ. The
data are from CELLO [19], CLEO [20] and BABAR [22]
Collaborations. The dashed line is massless QCD asymp-
totic limit. (The notation for curves is explained in the
text.)
predicts
FPγγ∗(Q
2 = 0, 0) ≈
1
4pi2fP
, (4)
where fP is the meson decay constant. Un-
der assumption of factorization the perturbative
QCD provides the asymptotic behavior of the
F 2Pγγ∗(Q
2, 0) transition form factors as Q2 → ∞
[23]
FPγγ∗(Q
2 →∞, 0) ∼
2fP
Q2
. (5)
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Figure 2. The transition form factor η → γ∗γ. The
data are from CELLO [19], CLEO [20] and BABAR [21]
Collaborations. The CLEO results obtained in different
η decay modes are averaged. (The notation for curves is
explained in the text.)
The perturbative QCD corrections to this expres-
sion at large momentum transfer are extremely
small [24,25,26].
To describe the soft nonperturbative region of
Q2 a simple interpolation between Q2 → 0 and
Q2 → ∞ limits has been proposed by Brodsky
and Lepage (BL) [23]:
FBLpiγγ∗(Q
2, 0) =
1
4pi2fP
1
1 +Q2/(8pi2f2P )
, (6)
where the values of fP are estimated from (3)
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Figure 3. The transition form factor η′ → γ∗γ. The
data are from CELLO [19], CLEO [20] and BABAR [21]
Collaborations. The dashed line is the perturbative QCD
asymptotic limit. The CLEO results obtained in different
η decay modes are averaged. (The notation for curves is
explained in the text.)
and (4) [20]: fpi = 92.3 MeV, fη = 97.5 MeV,
fη′ = 74.4 MeV.
The CLEO (and CELLO) collaboration param-
eterized their data by similar to (6) formula but
with the pole mass being free fitting parameter
[20]
FCLEOpiγγ∗ (Q
2, 0) =
1
4pi2fP
1
1 +Q2/Λ2P
, (7)
where Λpi = 776± 22 MeV, Λη = 774± 29 MeV,
and Λη′ = 859± 28 MeV.
The asymptotics (5) are shown by dotted lines,
the BL interpolations are given by dot-dot-dashed
lines, and the CLEO parametrization extrapo-
lated to higher momentum transfer is shown by
dot-dashed lines in Figs. 1-3. We see that the
QCD inspired expression (6) works well only for
the η meson form factor (Fig. 2), while the
CLEO parametrization (7) underestimates the
large Q2 behavior. From other side the CLEO
parametrization well describes the η′ meson form
factor (Fig. 3), but the BL expression strongly
underestimates the large Q2 behavior. We still
have good description of the η′ meson form fac-
tor by BL formula if one takes fη′ = 125 MeV
(short dashed line in Fig. 3), but then the nor-
malization is incorrect.
For the η and η′ mesons the parametrizations
(6) and (7) reflect correctly the experimental data
at large Q2 at qualitative level. This is not the
case for the pion form factor showing the growth
at large Q2 unexpected from the QCD factoriza-
tion approach (Fig. 1). However, this growth is
easy to explain [28] in the context of the quark
model [27]. Within this model, the pion form
factor is given by the quark-loop (triangle) di-
agram with momentum independent constituent
quark mass serving as an infrared regulator. The
form factor has double logarithmic asymptotics
at large Q2: log2(Q2/M2q ) and is given by [27]
Fpiγγ∗(Q
2, 0) =
1
4pi2fpi
m2pi
m2pi +Q
2
1
2 arcsin2( mpi
2MQ
)
·{2 arcsin2(
mpi
2MQ
) +
1
2
ln2
βQ + 1
βQ − 1
}. (8)
where βQ =
√
1 +
4M2
Q
Q2
.
Within perturbative QCD the possible scenario
to explain the form factor growth faster than ex-
pected is to assume that the pion distribution am-
plitude is flat and there is no QCD evolution [29].
In the proposed model the pion transition form
factor is
Fpiγγ∗(Q
2, 0) =
2
3
fpi
Q2
·
∫ 1
0
dx
x
[
1− exp
(
−
xQ2
2σ(1− x)
)]
. (9)
and has logarithmically enhanced asymptotic be-
havior ∼ log
(
1 +Q2/σ
)
.
The solid and dashed lines in Fig. 1 are the
pion transition form factor calculated from Eq.
(8) with MQ = 135 MeV and Eq. (9) with
σ = 0.48 GeV2, respectively. They practically co-
incide and describes well the BABAR data. Note
that these logarithmically enhanced models are
not able to describe η(′) form factors.
The possible origin in difference of asymptotic
behavior of the pion and η(′) meson form factors
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is with flavor composition of mesons2. The pion
consists of almost massless u, d quarks, while the
η(′) mesons include also s quark. The s quark
with mass ms of order ΛQCD may be considered
as a heavy one. Recently the similar behavior
like predicted by (7) was found for γγ∗ → ηc
transition form factor measured by the BABAR
collaboration for the range Q2 = 2 − 50 GeV2
[30]. The corresponding fitted mass parameter is
Ληc = 2.92± 16 GeV.
It is important to confirm the theoretical base
for maximally model independent prediction of
the branchings (see Table) by getting more pre-
cise data on the pion transition form factor in
asymmetric as well in symmetric kinematics in
wider region of momentum transfer that is soon
expected from the BABAR, BELLE (at large mo-
mentum transfer) and KEDR (at small momen-
tum transfer) collaborations.
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